The proliferative activity as well as apoptosis has been suggested to play a role in the pathogenesis of lupus nephritis (LN). The aim of the study was to investigate the coexpression of Ki-67-triggered marked proliferation and P53-induced apoptosis in renal biopsy of childhood lupus nephritis (cLN) and to compare the coexpression of proliferative and apoptotic indices between different subgroups and clinicopathologic patterns of renal disease. Methods: Renal biopsy specimens of 33 children with lupus nephritis (LN) and 10 healthy subjects were retrospectively evaluated. The type of LN and activity and chronicity indices were determined. Ki-67 and P53 immunostaining were performed. The coexpression of Ki-67 and P53 was compared among different subgroups of LN and correlated with disease activity index, serum creatinine, proteinuria, anticardiolipin antibodies, and complement levels. Histopathological examination of LN was classified based on the International Society of Nephrology/ Renal Pathology. Histological LN activity was measured by the National Institutes of Health activity index (NIH-AI). Results: In comparison with the healthy control group, the coexpression of Ki-67and P53 was greater in cLN (particularly in classes II, III, and IV) than in normal renal tissue. The coexpression of Ki-67and P53 shows a positive correlation with subclasses II, III, and IV of LN (P<0.02) and LN activity index (P<0.03). Moreover, the positive correlation was found between the coexpression of Ki-67 and P53 with erythrocyte sedimentation rate (P<0.02), D-dimer (P<0.03), serum creatinine (P<0.03), proteinuria (P<0.04), and anticardiolipin antibodies (P<0.05) significantly. Unexpectedly, adverse correlation between the coexpression of Ki-67 and P53 with serum C3 (P<0.02) and C4 complement (P<0.03) was significant. Conclusion: Our data showed that the coexpression of Ki-67-induced marked proliferation and P53-induced apoptosis in proliferative and active phases of cLN could reflect a valuable marker for treatment and remission in cLN patients before reaching the end stage of renal disease.
Introduction
Childhood systemic lupus erythematosus (cSLE) is a severe multisystem autoimmune disease. Renal involvement occurs in the majority of cSLE patients and is a major cause of increased morbidity and mortality. Renal biopsy is an important investigative step in the management of childhood lupus nephritis (cLN). In 90% of patients, renal disease occurs within 2 years from the disease onset. 1 Renal disease occurs in 50%-75% of all cSLE patients, mostly within the first 2 years after diagnosis. 2 Lupus nephritis (LN) is more common in males and in non-white populations. 3, 4 LN most
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Rahbar et al commonly affects the glomerulus but can also involve the renal interstitium. Initial clinical manifestations of renal disease range from minimal proteinuria and microscopic hematuria to nephrotic-range proteinuria, urinary casts, severe hypertension, peripheral edema, and renal insufficiency or acute renal failure. On the contrary, the severity of nephritis may not correlate with the severity of the clinical signs and symptoms; a renal biopsy should be performed if there is any suspicion of glomerulonephritis, including persistent mild proteinuria. Routine performance of a renal biopsy has been advocated by some nephrologists in SLE patients with any signs of kidney disease. 5, 6 However, the renal biopsy is recognized as the gold standard model in deciding LN management in children. Renal biopsies should be reported as per the International Society of Nephrology/Renal Pathology classifications. Active and chronic glomerular lesions were reported based on the National Institutes of Health activity index (NIH-AI) score. 7 Class I/II LN is milder and generally does not require immunosuppressive treatment, whereas class III/IV needs to be treated aggressively. 8 Despite advances in treatment techniques, mortality related to SLE nephritis has been static over the last decade and morbidity continues to be a major factor. The outcome of LN is primarily dependent on histological classification at presentation. Hence, an early renal biopsy is strongly needed for early diagnosis of LN particularly in children with severe LN. Therefore, we will discuss some of the newer diagnostic markers that could be performed on renal biopsy specimens for on time diagnosis of proliferative and active phases of cLN, which is followed by medication. Control renal specimens were obtained from 10 healthy subjects matched for sex and age. The aim of the study was to show the relation of coexpression of Ki-67 and P53 on renal biopsy specimens with proliferative phase, disease activity, and clinicopathologic manifestations. The study protocol was approved by the local hospital ethics committee, Aliasghar hospital ethics and committee, and we confirmed that parents or legal guardians provided written informed consent for patients who were under the age of 18 years.
Methods
A retrospective study was conducted based on medical records from 33 pediatric patients with LN who had undergone percutaneous ultrasound-guided renal biopsy from 2010 to 2016 in a Pediatric Nephrology Tertiary Center of Ali Asghar Children Hospital at the Iran University of Medical Sciences. The patients ranged in age from 7 to 13 years (mean 8±1.3 years). There were 21 (63.5%) males and 12 (36.5%) females, with a male to female ratio of 1.75:1. Renal biopsy should be considered in any patient with SLE who has a clinical or laboratory evidence of active nephritis, especially upon the first episode of nephritis and is not receiving any immunosuppressive or corticosteroid therapies. A few dubious cases that corresponded most likely to IgA/Henoch-Shönlein purpura nephropathy or membranoproliferative glomerulonephritis, with abundant deposition of immunoglobulin and complement factors, were excluded. No transplant biopsies were included. For those under steroid therapy, a washout period of 4 weeks for systemic treatment was allowed. Healthy renal specimens, as a control group, were obtained from subjects who had accidental traumatic nephrectomy. Specifically, demographic data (age, gender), clinical symptoms at presentation, laboratory findings such as erythrocyte sedimentation rate (ESR), antinuclear antibody (ANA), double-stranded DNA, anticardiolipin IgG, serum C3 and C4 levels, and histological diagnosis were obtained from all patients who underwent renal biopsy. All patients and/or their parents or legal guardians agreed to the experimental procedures and provided written informed consent. All procedures were approved by the ethics committee of Ali Asghar Children Hospital. All the data and personal information were made anonymous.
histopathological evaluation
Biopsies were performed blindly under sterile conditions after ultrasonographic localization by using 16-gauge or 18-gauge biopsy needles. Two cores of tissue were taken each time under local anesthesia. The patients were kept flat in the supine position for 6 hours, and vital signs, hematuria, and hemoglobin levels were recorded. Patients were discharged at least 12 hours after the biopsy. Biopsies were fixed in 10% neutral formalin then paraffin-embedded blocks were prepared for each renal biopsy. Each renal biopsy was examined in randomly selected 10 high power fields using H&E, Periodic Acid-Schiff, trichrome, and silver-stained specimens under high power (400×) magnification (field size of 0.274 mm 2 and field diameter of 0.59 mm) using a microscope with a wide angle. The presence of the following histopathological changes was analyzed according to the International Society of Nephrology/Renal Pathology Society (ISN/RPS) classification of LN (2003) . 2, 4 Active and chronic glomerular lesions were reported based on the NIH-AI score. 7 Also, all kidney specimens were studied using IgG, IgA, IgM, C1q, C4, C3, and fibrinogen immunofluorescence 
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Ki-67 and P53 in renal biopsy of lupus nephritis antibody stain on paraffin-embedded tissue sections under high power (400×) magnification (field size of 0.274 mm 2 and field diameter of 0.59 mm) by using immunofluorescence microscopy. All specimens were retrospectively evaluated by two neuropathologists.
Immunohistochemical staining
We analyzed the coexpression of Ki-67 and P53 in renal biopsy of patients who were diagnosed for LN at Ali Asghar Children Hospital between 2010 and 2016. One 4 µm section from each submitted paraffin block was first stained with H&E in order to verify that an adequate number of glomeruli were present and that the quality of fixation was sufficient for immunohistochemical analysis. Serial sections (4 µm) were prepared from the selected blocks and float-mounted on adhesive-coated glass slides for Ki-67 and P53 staining. Primary antibodies included a monoclonal mouse antihuman P53 protein antibody (PAb1801; Novocastra, Newcastle, UK) at 1:50 dilution for P53 and monoclonal mouse antihuman Ki-67 antibody (MIB-1; DAKO, Glostrup, Denmark) at 1:100 dilution for Ki-67. The DAKO EnVision system (DAKO EnVision labeled polymer, peroxidase) was used as the detection system for Ki-67. The streptavidin-biotin system (SAB-PO kit; Nichirei Co., Inc., Tokyo, Japan) was applied for the detection of the bound antibody of P53. Immunostained slides were scored after the entire slide had been evaluated by light microscopy. For all specimens, a negative control was adjacent to normal renal tissue specimen and the positive control was included in the staining kit (Figure 1-5) .
Immunostaining interpretation
The level of Ki-67 and P53 expression in renal lupus lesions was evaluated according to the scoring system of Liang et al. 9 Cell counts in immunohistochemically stained tissue sections were performed using a Carl Zeiss microscope (GmbH, ena, Germany) with objective under 40/0.65×10 magnification. Cell nuclei were counted starting from the regions with the highest Ki-67 staining intensity. In all cases of LN, cells within the glomerular capillary tuft were counted without discriminating between endocapillary and extracapillary cells. Tubular cells were not included in the calculations. Labeled nuclei were counted by considering staining intensity. In each slide, three fields were selected, and in each field, approximately 100 cells were counted and the mean numbers of Ki-67-and P53-positive cells were recorded separately. The application of this system gives a score ranging from 0 to 3 for both degrees of positivity: percentage of positively stained cells [(0, <1%), (1, 1-10%), (2, 10-50%), (3, >50%)] and degree of intensity of staining [(0, no staining), (1, faint staining), (2, chestnut brown), (3, deep brown)]. The sum score (positivity plus intensity) was then calculated for each specimen. Finally, the sum of the two scores was taken as a representative of the index of coexpression, which is a 0-6 expression score (low <2, moderate 2-4, high >4) (Figures 2-5 ).
statistical analysis
Collected data were documented using the SPSS version 20.0 (IBM Corp., Armonk, NY, USA). Two types of statistics were created: 1) descriptive statistics: number, percentage, and mean±SD; 2) analytical statistics: Ki-67 and P53 indices of cLN with classes II, III, and IV LN were compared using the Mann-Whitney U-test, chi-squared test, Pearson chi-squared test, or Spearman Rho test. Level of significance was set at P≤0.05.
Results
Biopsy specimens of 33 children with LN have been enrolled. The distribution of renal biopsies according to ISN/RPS 2003 classification has been reported in Table 1 . The mean total number of glomeruli per biopsy specimen was 13.6±10.2 (range: 5-38). The mean ESR was 22±16.5 mm/hr, which shows a positive correlation with subclasses of LN, which was higher in classes II, III, and IV (P<0.01). The mean serum creatinine at the time of biopsy was 1.7±0.86 mg/dL (range: 0.6-6.2 mg/dL) Table 2 .
We tried to regard the activity and chronicity of glomerular lesions. Evaluation of biopsies using the NIH-AI revealed moderate activity (mean 7.94±6.3, range 0-20). Scoring of biopsies using the NIH chronicity score revealed substantial scarring (mean 4.85±4.37, range 0-12) at the time of biopsy. There were few discrepancies between clinical presentations and pathologic findings at renal biopsy in our patients with LN. For example, for 4/9 patients in class II and 2/9 patients in class III, serum creatinine was in the normal range. For 3/9 patients in class II, urine protein was in the normal range. The mean serum creatinine level in class II was 0.8±0.32 mg/dL, and in class III it was 1.2±0.7 mg/dL and was significantly higher in classes IV and V, which was 1.8±0.7 mg/dL (P<0.05). The mean urine protein in class II was 0.6±0.46 g/24 hours and in class III it was 1.3±0.71 g/24 hours and was significantly higher in classes IV and V, which was 1.8±0.62 g/24 hours (P<0.04). Also, the frequency of urine epithelial casts and hematuria in different LN classes has been mentioned in Table  3 . The mean D-dimer level in class II was 1.07±0.43 µg/mL and in class III it was 3.2±1.59 µg/mL and was significantly higher in classes IV and V, which was 4.34±2.72 µg/mL, and 4.39±3.10 µg/mL, respectively (P<0.05). A significant association was observed between the expression status of Ki-67 and that of P53 (P<0.02). All results of correlation analysis between positive coexpression of Ki-67 and P53 with independent variables, such as demographic and laboratory findings, have been reported in Table 3 . A significant positive correlation was revealed between the coexpression of Ki-67 and P53 indices with LN subclasses (II, III and IV), LN activity, ESR, D-dimer, serum creatinine, proteinuria, and anticardiolipin antibodies. Also, a significant adverse correlate ion was revealed between the coexpression of Ki-67 and P53 indices with serum complements. There was no correlation between sex, age, epithelial cast, and serologic markers with coexpression of Ki-67 and P53 indices (Table 3) . 
Discussion
Renal disease occurs in 50%-75% of all pediatric SLE patients, mostly within the first 2 years after diagnosis. LN is more common in male populations, [6] [7] [8] which is verified in our study (male to female: 1.75:1). Initial manifestations of the renal disease are variable and could range from minimal proteinuria and microscopic hematuria to nephrotic range proteinuria, urinary casts, severe hypertension, peripheral edema, and renal insufficiency. Both glomeruli and renal interstitium are targeted in SLE. 5 However, children with LN at onset, but who could not fulfill the SLE criterion, developed delayed symptoms over time. Therefore, data on the clinical course, long-term outcome, and predictors of disease progression in cLN are scant. The results of the Italian study 10 indicate that LN has a worse prognosis in younger children and suggests that all patients with LN, regardless of the presence of other SLE symptoms, should be treated appropriately at the disease's onset to achieve complete remission before reaching the end-stage kidney disease. However, the role of the renal biopsy in the prediction of outcome and prognosis has not been clearly established. Several studies have focused on the discrepancies between clinical presentations and pathologic findings (based on ISN/RPS 2003 classification) in cLN. Many studies confirm that silent LN (lack of clinical presentation) has been reported in classes II and IV LN. [11] [12] [13] [14] [15] [16] [17] [18] [19] Patients with low-level proteinuria (<1 g/24 hours) and without microscopic hematuria were reported in classes III or IV. 20, 21 Nephrotic range proteinuria has been reported in class V and even in classes II and III LN. 22, 23 Our patients showed a few discrepancies between clinical presentation and pathologic findings. We found 1/9 patients with microscopic hematuria; 3/9 children with proteinuria; 2/9 patients with epithelial casts; and 2/9 patients with high serum creatinine in class II patients, but Ki-67 and P53 expression showed a low range in them. Interestingly, in class III, all patients showed high serum creatinine, but the Ki-67 index was moderate in 8/9 patients. It is true that early clinical and histologic diagnosis of LN is pivotal and critical in order to minimize the risk of progression to end stage renal disease. 5 Recent studies among the adult population directly show that the Ki-67 proliferation index is correlated with the type of LN, disease activity, and some laboratory findings in adult population directly. 24, 25 In the Iranian adult population, a significant, positive correlation between serum creatinine with percent activity of LN (and also between proteinuria with percent chronicity of LN) has been reported. 25 We found the same results in cLN. Those results reveal that there is a significant positive association between the Ki-67 proliferation index with ESR, serum 
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Ki-67 and P53 in renal biopsy of lupus nephritis creatinine, the degree of proteinuria, activity index, and negative association with complements. No correlation was noted between the Ki-67 proliferation index and hematuria. One study in Iran was conducted on 29 adults. Researchers did not find a correlation between anticardiolipin antibody positivity with the Ki-67 proliferation index. Also, no correlation was found between serum complements C3 and C4 levels with the Ki-67 proliferation index. Also, both LN activity index and Ki-67 proliferation index show a significantly rising slope in high classes of 29 adult patients who were diagnosed for class III and class IV LN. 25 There is only one study that worked on immunohistochemical expression of Ki-67 and P53 in cutaneous lupus erythematosus. They reported that P53-induced apoptosis accompanied with Ki-67-induced hyperproliferation and may play a part in the pathogenesis of discoid lupus erythematosus. 26 In our study, the LN activity index was low (≤3) in patients with class II LP and also Ki-67 and P53 coexpression was low, which was indicated in the role of proliferation and apoptotic indices as a predictive factor in cLN. Also, all patients with class IV showed a high Ki-67 and P53 coexpression. Therefore, the rising slope of Ki-67 and P53 coexpression parallel to developing classes of LN and the activity index were highlighted as possible pathogenesis effects of expression of these markers.
Conclusions
The current study demonstrated that cellular proliferation and apoptosis may play a part in the pathogenesis of cLN through the tissue expression of Ki-67 and P53. The coexpression of Ki-67 and P53 is correlated with disease classes II, III, and IV LN, renal biopsy activity index, and also some functional and clinical variables. Therefore, future studies will focus on the standardization of Ki-67 and P53 assessment in renal activity index parameters and histopathology subclasses of cLN. 
